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THE. GHJJNS BtöEERTISS ÖF (ÄAIN TftCPlCii .AFRICAN WAXH3E3 

Technical Resort Mo* 4 

Benjamin S» frpop arid Frederick &> tfangaard 

This stufig is one of a seiriea undertaken as part 4>f a continuing investi- 
gation of the properties r& tfvi4«aiL mods..   Thf aiivestigatiPn is bsing conducted 

at t^yi^le :$cboPl ,pf forestry aa;* is ,s§m?i8preä :by the Office of Ssval fiesear-ch,, 

^epatrtaifeiit of _ the 3iavy;, under Contract Hopping tjssk- Qrdsr ?V (Brpjeci Designation 

lffi-Ö33-»020).    The scope of the complete research ^Pgrfco is indicated in Properties 

and uses of Tropical Woods. I. published in TROPICAL "SOODS 95 \3one 1, 19493 <i)* 

This report preset 

properties of ä jgroup of selectedtropical woods-which, oh the basis of theljf 

mechanical and physical .properties ,. appear tp be adapted to ä Tjönjbjer öf Industrial 

or structural uses« 

It is likely that imported wopds^waM always be Äpre costly than; na.y.ye 

species«    Gluing of these woods is therefore important nob only, from the «tindppinfc 

of assembly gluing as employed conventionally in ••£abyi^töü wood products and 

structures but, in addition, tt<m the standpoint of more qcmplete ütiMzatipn 

as may be made possible through laminated and edge^glüed construction»    The 

.ädvantagesafförded by a valuable, wood of unusual properties isayi under certain 

conditions of use> be obtained by laminating in cpmbinatibh ?w£th- other less 

expensive woods and even aby incorporating thin veneers with Ipfp-cost, lumber cores* 

Twenty-nine tropical iünerxcah woods are included in this study In 

addition to Burma teak and domestic .white -oak.    Two adhesives^ one a resorclhol 
j&^-^j. J : „ü 

resin " arid the other a phenol-res or cinol ., were employed in these tests and' 

fsL   This, jpaper is condensed from ä thesis by Benjamin S» Troop submitted tp the 
Tale School of Forestry in partial fulfillment of the, requirements .for the 

. idegree of Master of Forestry (1949)» 

[2   fehacpUte Gr?1124, Pennsylvania Goal Prädüpts Dept.i. Körpers Co,., inc,.„ 
Pittsburgh, Pa« 

:^g- PerkinsftP~i8, -Perkins Glue Co.,_,_  Lans.dale j?a» 
-Appreciation is expressed to, these firms for their cooperation in furnishing 
the resins. 
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an. evaluation öf the .gluing properties of each wood is based on .Joint strength 

and percentage of isüpd failure as developed in the standard olock-snear test. 

With, önä exception gluing "was limit-ed to •jaachine-planed. surfaces;, and special 

-surface treatments such as sanding -or Chemical cleaning -were aipt investigated«. 

The -results- of- this* survey f arnith a preliminary indication of $he- relative ease 

or difficulty -of gdLua^g tfeese particular species,    It. ia recognized lihat other 

types of adhesive and other gluang t^cnniques may .yield results considerably 

different iihan tihose reported /here» 

JDest Materials .and Iheir Preparation 

. She- fculk -of $he anaterial uased In fcliis. study 'was obtainedJEnom 

5/4-incli boards sawed radially or %angehifcially from log quadrants remaiigainj; 

after selection of specimens for standard mechanical itest-s of tne wood ((lj>»    Ah 

attempt was Jnade to obtain equal amounts of radially- .and iängentiäUy-cut stock. 

%o yield blocks 3/4 by 2 1/2 <by 12 inches..   Müh some speciesj, however^ it was 

found necessary to use M-terial of only cine type with respect to growth-ring 

placement« 

J31 ärfröck selsetea. f'os* gluing näd 4?een äir s^eäafmeü to a moisture, 

content below/18. percent •and most of the material .nad reached 15 percent, prior 

to preparatory conditioning in ä. kilhi   Moisture, content at the time of final 

:macnining and /gluing was limited to the range of 10-15 percent,. 

Conditioned stock was ripped into .strips '2 1/5 inches wide. and planed 

on :bptn wide .surfaces with., -a tnickness planer*    Ä final light cut cf i/$4 inch 

was Jiede en surfaces selected for gluing.»   iPlanihg preceded gluing :by no unqre 

ühah one week, usually only a ;day or twöj and any planed jnajterial which, could npfrbe 
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>giuecl :3&saedlately was foülk piled and stored under eqüOibrium moisture- epntent- 

corcäitiöris <.öf. a;bou$, 12 percent ip- reduce the ppsMpllifcy pf. Talsed. grain ItneT 

distortion resultingfrom Changes In moisture content. --  - 

Immediately prior to .gluing the surfaced .stock .ras- crosscut iiitp 

,l'2^inch äblocks TwhlcK were assembled in pairs to assure combining .pieces of similar 

;grp>rti:h--3,a2ig placement and specific gravity.-,   A mximum differential In .moisture 

-'Content ibetween jsalr-ed Blocks; of 2. percent was -allowed» 

Slulng_P_5pcedur e 

Bctaüls ;pf the .gluing prpcedirr-e .wer.t, adapted In each case to- comply 

with instructions furnished -^ the 'adhesive- rmWufactur-er.   l&e adhesive- was* 

double spread *at the xat-e öf .60' pounds per 1000 square feet of joint area...   frith 

ftanacolite G-3124 ä. IQ-asinute -open assembly was' f plipwed toy .a 10-25- Ijäiiute closed 

assembly..   In. the -case -of Perkins 3Sm.8 ä 5-äniriute ppen assembly was followed .by 

15^35 apinutes of dosed, assenäjly,   JEL1 ;gluing was «done at a, TPPffi' temperature ©f 

».^'•tately '75° ?,, - - 

i'Spulng pressure was Japplied. by .means of .rockerHh'ead, .screw «lamps 

and pressure'was c©r*el^tsü with the .specific gravity of the. weed as follows: 

100-J50 pounds per square inch for 'the .specific .gravity .range of ©*56rÖ,i4|:j 

150^200'pounds for the range -O.iip^-D;.^, and: 2Q^Z§0- pounds for -specific ^r-aylties 

^ef^'Qi^ö-or impj-ej"^ "   ------ 

during .of' "the adhesive was- 4ccpmplished: in ä trnperature^nd .humidifcyr 

cpntnqlELeä «abinet .by malntäihihg ä glue-line temperatjxre of %55?M»^:^§?.J-*- - 
...... - -       -J|r—      •;   '--"""'  \    '     '"'" " _'- 
for a .period of 8 irours   ..•   Equilibrium, .moisture content conditions -were main- 

tained •equivalent to the 'moisture content pf £he stock at the- time of «gluing* 

Jbout 6 iipurslwere allowed, for cooling which was aided by spraying wate?? int© the 

/&   .Selection of these particular curing cpnditions does jjot. imply that- cure of 
the T-esihs was complete Jtior was an attempt made to compare .results with those 
obtained 'under other conditions.    Other tests made, at the 3Fpre;st -Products  . 
a^bpratpry,,, Äd'isön-, Wisconsin^ Jipweyer^. have- indicated that curing at 140p ;F 
for i'O iiours is desirable for pb^aining Mghly durable bonds .with .relatively 
dense woods, such as white oak 
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-6bsj0&s<f\ fpliowing which the: .clMped assemblies were released- from pressure, and 

•stored ffor conditioning.   1 conditioning period of at least 7 days preceded 

Jnachihtihg of test srpeciiiisns for .mechanical testing of the glue Joints. 

Iffgfe .i£?.?ggA£r -e „and jRgsult s 

After conditionings the 2-ply laminated blocks were sawed5 to >a 2^-inch 

:by IGMLnch .size .and', from each of these;, three' standard ^block-shear specimens. 

Tffere 'cut immediately prior to tastings 

The block—shear itest was carried out in accordance with .American 

Society for Testing :Materials standard procedure (.A, S. X. M. Designation WQ5rg¥$) , 

'•Strength properties of ädhesives in .shear -by .compression .loading-«"   A minimum 

of six -specimens, from at. least two dlffererit blocks was tested to faiiure;, ancl 

rma^mum shear stress- .in pounds per squsre. inch together with- estimated percentage 

of wood failure, was ;r§'cprds'd>.   .Average .moisture; content at test and average 

-specific gravity 0'Pven~dry weight and- oven-dry volume basis) were also- determined. 

Results of shear tests for each ©f the '21 species tested;, -averaged for 

the -two- adhesives used> are gi,ven in fkble 1-?    Only limited data arg' available 

with -which tp-cpmpar;e the. .results obtained in this, study,    Values, .for white oak 

•fSd- ^mahogany glued with a. number of adhesives have been published .by the Forest 

Products laboratory (&T &) arid are shown in Table 2 together with the results 

obtained in this 'study-with resoroihpl and resörcinpl-phehol resins. 

||p^5rr.a; -.deseriptiph of stahäardjjlöck-shear specimehs,j see. Ü, Si Dept. Agr. 
Kept. Bulletin .No., .i|00 «The "Gluing, of Wood" 46»> 



.Table 1,   Average* rsaalhs of. ary r-acsr t«?fts of tropical wsopds 
xesorcirföl and Tesorsincl-p^enQl resin adhesives^ 

3d %*£LT,-1. 

Miira^uba 
CApaleia äolärls^. 
Gpricalö Alves 
(Astroriium graveolens) 
BrazlH JJut 
(Bertholletia excelsa) 
Gedro "Espinp-  *" " 
(Bombacopsis- quiriatä? 
bellow- 3säder=s--~ 
(Bachsnäviä capitätä)' 
Andiroba ; 

Cedro SränadihP 
CÖedrelä Töndazil^ 
Mojfa Amarilla 
(Öhlorophora tirictorla) 
laurel Blanco   " 
IGördia äXLiodöra) 
CunaEu    ----- - 
vGoüisaroünä odorataQ' 

(Gourätarl pulchra^ 

(Slcöryniä paräensis); 
Blaclc:"TEäkeralM"~; _.' 
(EscTaweilera Sagotiana);- 

1,-igndm Vitäe .   ...  '"-'"._=" 
(Guäiacam officihäle) 
Angelim dos Aliarelos 
(lymenölobiom -exeelsam} 

Source 
Specific lipisture Shear 
Gravity  Content ?' 

bvehtrdry  percent  .lb. pel? 
vol. basis        sq. in9. 

lifooä: 

Brazil 

Hondaras 

Brazil 

'Honduras 

Puerto M=cb- 

.Pariamä 

Söndaras- 

ua 

Brazil 

Brazil 

^Surinam. 

British 'Gaxäna. 

H 
.Brazil 

'Surinam 

British Qääna 

$anämä_  
Puerto Ricoj 
•Surinam' 

(Iicaria cayennehsis) 
HububalM'        " " 
-(Söxöpterygium Sägotii) 

'(Magnolia sörröroni^' 
Bdlletwpöd 
llftahilkara 'bidentata): 
ifeter-ma 

•£0c6tea. jubrä^ 
vTnite'-Sak   " 
(Quersus -albä); 

Mahogany |plantation-gr. 
;("SwMtiehia jmä^rogh^laj 
Mhogany 
iCSwietenia macröphyliä^ 
Braäavefä  -__ 

jlTäbebulä DonnellL^Smi"thia)liondug.as 
•Güayacän 
(Tabebuia .^iieyaean   . :;        Honduras 

li02 

O.64. 

•Ö-.56- 

••Ö*7£ 

0,66 

Oe46 

0.70; 

e-      J   ,A- 

1.08 

•0*60 

0.^0 

Ö..95 

1.22 

•0.68 

i*:20s 

$4? 
:0.60 

Q.,9.8 

<0.*S& Surinam 
.£2   ; 

United states     0.68 

Honduras 
Centra 
.America 

0.64 

-0,30 

Q*I6. 

1.-06 

10*3 

i3'.'0! 

9.6 

•8.9 

1Ö,:8 

11*2 

3iOV8 

m 
11.4 

.9.0 

iQs'6 

11.6 

12,1 

$.3 

8.8 

10,0 

9c7 

m.& 
3i*6 

io.4 

.10,-4 

IM 

i©;*4 

'9.0 

2560 

1720 

,2120 

-22.90: 

2150 

18D0 

1910 

2-380; 

2100 

.1760 

223O 

233p 

re 

=percent 

80 

39 

16 

69 

63 

•80 

92 

70 

90 

28 ; 

86 

80 

58 

.8 

86 

32 

:59 

76 

£$ 

•96- 

6Ö 

90 

•82' 

29 
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Table 1>   ^(cpht 'ä> 

Specieä 

Roble Blanco 
ifab:eb,aia. peniäphylla)' 
Teak' Cplähtatdon^grown) 
idectona grandis) 
fear 
QTecto-na grandis) 
Narguata "~ 
llermlnalaä amazöhia) 
iäasa"     ~ " '    "'""     '" 
(Tetragastri-s Salsamiferä). 
Fiddlewood 
(Vdtex 'Gamner-i) 

Source 
Specific Moisture.   Sheaf     Wood 
%»äv3-ty;   üölitent. Strengen ^saure. 

oven-nary-   percent 
vöi« basis 

Ib. 
sq*. 

per' 
Ah* 

percent 

British tfonduraiS,- 
.Honduras 0.55 :iQ»0 3:68® 86 

Honduras. 0.62 8.9 .2030 74 

Biirmar 0.65 lOiO -2(&© 92 

British :Guianä -&.B0- 10.2 2ÜiÄ 67 

Puerto Kiep 0*82 ?.6 =2750 .68 

British 'Honduras 0*71 9*4 2090 52 

•0i   lägham "Viitae was supplied in the form öf 1-ihch ^sawed blanks by the lignuia- 
Vitae jroäucts Corp.r, Jersey Gity^ New Jersey. 

fZ   Supplied in plank form from .stock öf the Kewr Tork Käval Shipyard,. Brooklyn, 
: New £ork. 
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Table. 2..    Comparison of results of gluing whiter -oak and jaahsgany with äl-ff.epciin 
adhesives» 

 3teeJQak--.--   —. 

Adhesive 

Sesorcinol-jtype resin- 
Urea resintS^ 

Specific Shear    , 
Strength^ 

.Mahogany,  
Specific 

Vegetiablp-^ 
Casein« 

0.64 
0,63 
0.66 
0.66 
0,68 

2670^94 
23715-^8 
2300-53 

0.£8 

®J6 

Shear , 
Strength^ 

1680^90 
1924-99 

1-925-93 

fl   Specific gravity baseji on oven-^dry -weight. :and volume at test,. 

f2   The value .preceding the hyphen denotes strength in. pojinds per square Inch, the 
following value is percentage of wood failure. 

/B   Forest Products Laboratory; Report 1342 :(2), 

^ üb S. Üept. -Ägr, Sept. Bulletin 1500 (63:. 

From these results it would appear that all types of adhesive are 

:not equally satisfactory for the gluing of these two species for which comparison 

is permitted. Particularly with reference' to wooöVfailure values^ casein 'and 

vegetable .glues dö .not seem to perjnit as full -a development of the strength of 

white oak as do the -animal, lurea, and resörcinöl adhesives. Eickner (.2). concluded 

that there was less -difference between the gluing characteristics of woods' of 

different, densities when glued' with urea resin than when glued with .casein. Inso- 

far as mahogany and white soak permit such ä comparison^ the; non~res'in adhesives; 

snow appreciably lower wood .failure values in the ;case of white oak.. /Results for 

the re^prcinol^type adhesives 'Compare favorable with. MTSS. resin in. this, ^respects 

'Differences i» shear'-strength value's:, iühdoubteäly reflect-, at- least in part;> varia-? 

tiöh, in the- strength of the- wood itself and are probably of no .particular signifi- 

cance.- The general influence of specific gravity upon, the strength of glue Joints: 

made with resorcinol and resorcinöl^phenol adhesives is shown in Fig. .1.    .In this 

figure; the 31 sfecies -of this study are .arranged in order of increasing specific 
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gravity and the ;generai trend £s that of increasing, joixit strength, and decreasing 

wood failure with increase in specific gravity, in .general, the trend toward 

decreasing percentage of wood failure is less marked, than that previously noted 

for animal, vegetable, and especially castin glues and is more nearly comparable 

to that of urea resin for woods, of similar density (2j 6). On the basis of the 

values indicated in Figure X»  these woods have been clässMied into four groups 

relative to their ease of gluing äs shown in Table 3'. Of the woods: shown,, only 

5 species, ail with, a. specific gravity above 1.00, developed less, than 5Q percent 

wood- failure». 

The uneven character of fee trend of values for wood failure and 

shear- strength. in figure 1 provides evidence of interference with' the adhesive- 

encountered in certain species, Such interference may be introduced äs a result 

of defective surfacing or it may be related to the character of chemical eomponentSj 

such as gums>. resins^ oils^. and waxes which, occur, in varying amounts äs extractives 

in; many woods. The effect of such interference is partly obscured; in shears-strength 

data because of deviations of individual species from the: strength values anticipated 

on the basis of specific, gravity alone„     - 

Jmbng the species that appear tö' involve some type- of' incompatir- 

bi-lity- with the adhesive that interferes; with, the development of the. full strength 

of the wood. a*e the following* LoxQptgr.y.gTuxm "Sä;-gö.tü5, Ba.cheBäviä GapitBta.;. 1?itejt 

Gaumeri, Astronium'. gra&eolers, Tabebuia gaayaganr, Co&ma^ouna odor-ata,, Mcaria 

cayenhensis,; and Güaiacum pfficlnalec Only in the 3iast -aamed;, however^ -was thl-s, 

influence .sufficient, tp reduce the strength of the. Joint to -ah .extreme.- degree. 

Of these wood's süri cihg difficulties;, primarily .associated with the, presence of 

interlocked grain, %ere encountered in- all but Buchenavla -capitata and •Guaiacum 



fabie 3.    Classification of tropical woods ;äccor4ing to ;g:Lülng characteristics: 
-witli reaproinol—ty^pe aähe"si*ese 

"WQOcia läsy to ^'ue 

Jtoäxa~Juba G&püleia anäkarls} 

Bratai lfirt> CäteiladlOietia exceärsa^l 

Andisssba (Carapa jgaianensis) 

Gedro Ciranadainö •(•C'etifceHa Tondüzii) 

laurel Blanco fcCor-dfoa .-aHili'ödora^, 

läuary ^Cbüratari. .-ptflictea)' 

4n|el3äL ßbß M&rehos 'OHyjBenoldfal'ani -:excel'sam)' 

"Vacp itfegnoüa sorormrij)' 

Determa :(Ocotea x-abrad .... 

-- Uhi^fce ig^ iQüercäs. aälbä) ^control} 

ilafcogai^y '(Swletenia jnacr.opny31:a) 

a^ianaverä CTäbebüia 3Donhel3.~Sna^Mij). 
* I 

BöblLe Bianco :(^bebu||a pentaphyOa) 

ieäk fT-ectona grändis)/ t£conföo33 

"Woods- MoäEratelyiE&sylto. iSÜae 

^Geäro S|p3inp ''fBomoa'CO-psi'S •qiilnat'ä^ 

läora J^TMIta '^Gniorophöra tinctoriä) 

Angexiqüe i®i;öoKy-nia iparaehsis')- 

Sähogany ISvaetenia :M'creophyJD.a:) '{plahtation^grown). 

Iqaik C^ectona Kandis! ^^tatfon^growii) 

iNargas'ta, .(JerininaH'a amazöh'ia) 

üasä C^tyä-ga'stTl's • toalt-samaJeräl) 



I#ble %.   (tönt !xU) 

Woods; JRequd3d.ng Special Cäre :in the..Gluing Opegafcion 

iGoncale» .i0.v.es, .(AsA.goni.um ^ray.eölens) 

Teilow Sanders -,(iBadhenäyi:a :capitata) 

Cumaru ^SöumageüBa Morata) 

Black XakeräHi (üschv?eilera Sä/fotianä)- 

XaneelhSFt {Mcar.'3-a •cayeaaensis) 

BububaHii fecxöpterygiüci Sää;ötäi^ 

Bulletwood (Manökapa bldentata) 

Güay&can 'CTabebixia guayacan)    " 

Madlewöeä 'CVifoex ;QäomerJ) 

"Woods Requiyirng Special Separat ory .Surface treatment Sot Gluing 

lägnuoi-^tä-e^ ('.Guaiarcum o£ficJnale) 
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offieinäle and may be assumed tö bg at least pa^iviäily responsible for t'h# inter- 

ference jibted. 

.Several of these -woods including .LöxdpteryKium .5o,^otxi, .Tabebtiia 

gaayacan« and particularly Guaiacüm cfficlhafre are- :kriowh to contain appreciable 

5 amounts öf extractive materials, which are ibelieved to be. primarily responsible for 

gluing difficultiesji    leak CTectonä grähdls) .Jlsb. .contains an oily extractive 

which is reputed -to* interfere v•  a- its gluing characteristics',    .in. this connec- 

tion a previous 'experiment (%) "with teak is of interest.   .In that study- an 

attempt was inäde to improve the giuing characteristics of teak .by washing the 

surface xvith acetone immediately prior to gluing with- a. resorcinol adhesive whieh 

was .subsequently cured at 190° •£•• for 10 'hours.    By .means of this technique joint 

shear^strengt'h was increased from 1025 to .1262 pounds per square inch and 'wood 

failure frpm^6;3: tb -8j ^percent in comparison with untreated control specimens.    The. 

results obtained in the present study with, Burma teak without ^employing a special 

•*h surface treatment—shear strength of .202$ pounds per square inch, with 92 peroent 

wood f allure^indlcate that teak does iipt piecessarily require such preliminary 

treatment -with resorcinol. adhesives... 

lignum •vitae {Gualaeum tofficlnaie;) is »clearly the most difficult 

tq .gltie of tile woods tested and •evidently .requires  some type -of special treatment, 

-to secure even moderately ouceessful glue .joints-,    'Rapp (5)  has Investigated the 

possibility of various siirf ffce treatments to improve the gluing performance .of_ 

<   __      lignum vitae by rembyai of at It:,si part of the rt,s;inous extractive contained in 

| this -wood,    ü',uöf4 the treatments applied to normal machine^pläfied: surfaces were 

I    "* solvents suc'h as carbon t^trsichiqrid'e.,, benzene,, acetone-, and alcohol.,   'None of 
* 

I these was eps süccf ssf ul, ,however,, äs an application <f 10 percent .caustic soda sola- 

? tioh;3 wiped pn the surface^, allowed to remain for .10 minutesj -and removed, by washr- 

? ing with water.,   .After •dr^ingi the .sameresorcinbl-t-ype glues, employed in the 

F present study were applied in the .normal way and the ,2 .i/'2 by 12-inch standard 

\ ..glued blocks -were- retained, in «lamps- for IG- ftöurs at 160P -F. to «ure the resin.. 

t 

I ••-.., 



Other blocks were first sanded iwith Uo> 21 flint sandpaper preceding the icausfcie 

soda wash trea^ent.* Average-xesults. are shown below: 

"~ Shear: Strength.  . Wood Failure 
lb.« per -sg«. ins, - percent 

Control (untreated) 1285 22 

basiled with, JiaGH 1-770 3P 

Sandedj; washed with NaQH 2ÖQD 37 

In one series of tests the results obtained from the cädaihatiön sähding^cäusti? 

soda treatment averaged 2760 lb. per sq. ifu, with §6 percent wood failurex  Shearing 

half of the specimens radially ahd half tangentiaHy. It is not Icnown at. present 

whether such high values, are attributable tjp the particular adhesive used or to 

some unrecognized difference in »he. technique employed. 

The influence of surface interference with gluing is evident from 

these results« The improvement shown by preparatory washing with ö£astie söda 

alone in&icate.SL ihe extent to which removal of chemical extractives was beneficial 

to adhesion. The further improvement made possible py sanding before the applie.a- 

tipn of caustic .§dcla may ^result from its effect in permitting a more thorough 

cleaning of the surface* 

-Although the particular technique of surface treatment Tbest adapted 

for the improvement of gluing characteristics of the woods tested in this study 

remains ühsettiea, the degree pf' improvement secured with lignum vitae leaves 

little doubt that, except for some of the woods with specific gravity ih excess, 

•öf i.pö, virtüa^y the fipä strength of thf wood 'öM be ä^v^lopeä with f|§ör"cifiöl:^ 

type adhesives if proper .gluing techniques are employed* Even with, these: extremely 

dense woods, strengths in excess of 2000 pounds per square inch, are obtained. With 

-the ,great majority of the woods covered in this report,, satisfactory joints can 

be, attained without any special, preparatory treatment. 

-Summary. 

Information relative to the gluing characteristics of 29 tropical 

American woods., together with teak and white oak, is given in this report based oh 



tests employing a resorcinol and a r es or -..-Lici- phenol resin adhesive,. The species 

tested differed- in -specific gravity from 0\UQ  t:o= 1,22 and thus present ah unusually 
in - 

wide range/density fpS" observation ci* its influence on .gluing characteristics.. 

From the results of dry shear tests;* these woods, are classified as to 

their relative ease of gluing. Mast of the %oods below 1,00 in specific gravity 

were .glued: satisfactorily by normal gluing techniques yielding joints that were 

-virtually a? strong äs the wood itself. With the single exception of lignum 

vitae, substantial göiht strength was developed even m-jb:h the heaviest woods. 

Evidence is presented that insofar äs resprcihöl-type adhesives are 

concerned^ the gluing characteristics of lignum vitae can-be. greatly improved- 

through a preparatory caustic soda treatment öf the surface, and it is concluded 

that if various- mpdifipatiohs of this or similar surface treatments vdetaiis t>f -  . 

which are not developed here.) are employed, together with proper gluing technique.* 

satisfactory gluing: of all the' vjoods included in this study is possible with adb 

ihesives -ot -the resorCinol-resin type* " .     ~~ 

.It- is recognized that these results, serve only aä ah. indication öi 

the- .gluing characteristics of' these -woods when other types of adhesive- are used. 

Additional!workis ineeded: ia this connection.. 
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